We have demonstrated three-dimensional imaging of a rat cornea and retina using a 0.8-µm common-path Fourier-domain OCT with an integrated surgical needle probe.
Introduction
Optical coherence tomography has unprecedented resolution compared to other imaging modalities. In addition, common-path Fourier-domain OCT system (CP-FDOCT) is the simplest, most compact 3-D imaging technique available that allows disposable probes to be used during surgery [1, 2] . For ophthalmic surgery applications, when the fiber based probes are used in-situ or in-vivo, the fiber optic probe needs to be encapsulated into a surgical catheter and directly inserted into the ocular tissues for image acquisition and surgical navigation [3, 4] . In this work, we present an integrated fiber optic probe integrated into a 25-gauge hypodermic needle that, for example, can be used to peel a thin epiretinal membrane (ERM) which lies between the retina and the vitreous humor. We used this probe to obtain 3-D images of a rat cornea and neurosensory retina.
Experiment
The experimental set-up for the CP-FDOCT is schematically shown in Fig. 1(a) where it consists of a SLED light source centered near 0.8-µm, a fiber optic directional 2x2 coupler, a fiber probe, and a spectrometer. The integrated probe consists of a gold-coated single mode fiber (the number aperture of the fiber is 0.14) having a core size of ~5.7µm and outer polymer buffer diameter of ~245µm which is inserted and bonded to a 25-gauge hypodermic surgical needle having inner diameter of 0.24mm, outer diameter of 0.5mm, and 1-½˝ in length. In order to reduce the strong surface reflection from the cornea, we used 0.9% NaCl saline where the refractive index is around 1.33 between the probe and the cornea surface. In addition, to achieve a constant level of reference, we used a goldcoated fiber probe. Fig. 1(b) is the magnified microscope image of the surgical needle with the integrated fiber optic OCT probe and Fig. 1(c) shows the photo of the needle with handle. The specimen was a 24-week old Long-Evans rat.
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Results
For the lateral scans (B-scan and C-scan), the probe was fixed to the two-dimensional linear stage with stepper motors in x and y -axes having high accuracy of resolution (step sizes were either 5µm or 10µm) and the 1-D, 2-D, 
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978-1-55752-869-8/09/$25.00 ©2009 IEEE and 3-D scans for the rat eye were performed. In the case of 1-D or depth (A-mode) scanning of the retinal layers, an access hole was made through the cornea and the lens was removed because it is proportionally thicker relative to the human lens. This allowed us to position the needle within 50µm to the retina surface. The retinal layers have their own complex characteristic reflectivity as a result of the horizontal pathways of nerve fiber layer, the neuronal cell bodies, the additional plexiform layers of synapses, nuclear layers of additional cell bodies, and photoreceptors that comprise the neurosensory retina. These structures are expressed by numerous peaks in Fig. 2(a) . The measured depth or axial resolution in the A-mode scan matched well with the theoretical resolution of 6µm determined by the source wavelength and its spectral bandwidth. Using another eye, we performed 2-D (A, B-mode) and 3-D (A~C-mode) scans of the cornea in which a relatively thick anterior chamber (index ~ 1.336), a broad pupil (compared to that of the human) and the iris at the edge can be observed in Fig. 2(b) . The number of scan lines for B-mode scan was 500. The center of the image shows signal penetrating the lens through the pupil. Additionally, through multiple lateral B scans (C-scan), we generated a 3-D image of the cornea as in Fig. 2(c) and (d) . Effectively, the Cscan is composed of 100x100 A-scan lines spaced 10µm apart. 
Conclusions
In conclusion, we have successfully demonstrated a 3-D image of the rat cornea and the multiple layers of the neurosensory retina using a 0.5 mm diameter integrated ophthalmic surgery needle that contains a CP-FDOCT probe. The fabricated integrated tip provided significant light transmission for strong signal acquisition and to conduct image scanning in an aqueous environment, which is a desirable feature for practical medical use. Our result is promising for the potential use in a variety of minimally invasive ophthalmic surgeries where intraoperative OCT imaging will improve surgical outcomes.
